Interstitial cells of Cajal associated with Auerbach's plexus in the small intestine are pacemaker cells [12, 19, 36] , responsible for slow wave driven peristaltic motor activity [9] . Intestinal ICC-AP are connected to nerves of Auerbach's plexus and numerous studies have shown neural effects on gut pacemaker activity although direct neural modulation of ICC properties has not been extensively documented. Excitatory neurotransmitters [11, 30] as well as inhibitory neurotransmitters [2, 15, 24, 32] 
is evidence that the membrane-bound nitric-oxide synthase (NOS) in ICC [10] is endogenously and spontaneously active in ICC-AP [10] and ICC-DMP (Zhu and Huizinga, unpublished) of the mouse small intestine and ICC-IM in the mouse colon [43] . The clinical significance of interactions between ICC and nitrergic nerves is being investigated extensively [14, 44, 47] .
The specific objective of the present study was to search for BK currents in pacemaker ICC and to study effects of NO on BK channel activity.
Materials and methods

Cell culture
Explant preparations from the jejunum of CD1 neonatal mice were isolated by sharp dissection without enzymatic digestion as described elsewhere [13, 37] . Recordings were obtained from single, mechanically active ICC identified by vital staining with c-kit antibody coupled to Alexa 488 [13] or by morphological criteria before patching and methylene blue staining afterwards.
Electrophysiology
Prior to patch clamping a cell, the amplifiers (Axopatch 200B 
labelling of anti-BKCa and anti-c-kit antibodies, co-localization was seen on the cells that were immediately adjacent to a ganglion and along nerve fibers in between ganglia (Fig. 1A a-c). In 4-day-old explant cultures , c-kitpositive ICC at the borders of the explant, the cells that were used for patch clamping, expressed staining with anti-BKCa antibodies (Fig. 1A d-e). Typical profiles of depolarization-evoked outward currents that were inhibited by iberiotoxin (IbTX), the specific BK channel blocker, are shown in Figure 1B. The present study reports on investigations of ICC obtained from 26 different explants cultures where IbTX-sensitive currents dominated the outward current profile. Currents acquired in the whole-cell configuration through nystatin perforated patches often exhibited high noise levels but relatively low amplitude, whereas currents obtained in the conventional
Fig. 1 Identification of BKCa in ICC-AP. (A) Anti BKCa immunoreactivity colocalizes with anti-c-kit immunoreactivity in ICC-AP. (a-c) Immunoreactivity of anti-c-kit (ICC) and anti-BKCa in the musculature of the mouse jejunum. (a) Immunolabeling with anti-BKCa with Texas Red (red) (b) Staining with c-kit antibody (ACK2 conjugated with Alexa 488, green). (c) Overlap a and b, the co-localization showing orange. Note: the ganglion cells (G) show BKCa positivity and some ACK2-positive cells surrounding a ganglion stain with both anti c-kit and anti BKCa antibodies. SMC = smooth muscle cells. (d-f) Immunoreactivity of anti-c-kit and anti-BKCa antibodies in the mouse jejunum muscular explant culture at 4 days. (d) Immuno-labeling with anti-BKCa with TxRd (red). (e) Staining with anti c-kit antibody (ACK2, green). (f) Overlap
(c) IbTX-sensitive currents (a minus b). (d).I/V curves based on a-c. (e) Control recording from a conventional wholecell configuration. (f) In the presence of IbTX 300 nM. (g).IbTX-sensitive currents (e minus f). (h) I/V curves based on e-g. (i) Normalized data showing I/V curves of IbTX-sensitive currents. (j).Dose-response relationship for IbTX plotted at the pulse potential of +40 mV (IC50 =10
-7 M, n = 13). [49] . In the present series of experiments it became clear that in cells where IbTX-sensitive currents dominate, such events were also sensitive to TEA (Fig. 2C,D) .
Modulation of the IbTX-sensitive currents by nitric oxide
IbTX-sensitive currents, obtained from the nystatin perforated and the conventional whole-cell configurations, were sensitive to the NOS inhibitor L-NNA (Fig. 3) The outward currents evoked by depolarizing pulses were markedly increased after perfusing with the NO donor SNP (Fig.  4A-E) . At +20 mV, 100 µM SNP increased IbTX-sensitive outward current by 181 ± 114 % (n =11; P < 0.002). The effect of SNP was also observed in response to ramp protocols (Fig. 4G) , where the holding potential was set at Ϫ60 mV, then ramped from Ϫ120 to +120 mV over a period of 1 sec. At +90 mV, the outward current was increased 187 ± 53 % (n = 4; P < 0. [49] . Clearly, NO as a neurotransmitter can reduce ICC excitability by increasing the activity of IKCa, but it also indicates that NO as an intracellular second messenger in ICC [7] can regulate ICC excitability. NO may act directly or through increase in intracellular calcium [26] . It is not uncommon that K channels can be modified by NO [5, 28, 31] . Stretch-dependent K channels (not activated by calcium) in murine colonic smooth muscle cells also were activated by the nitric oxide donor SNP [18] . NO also suppressed activity of a calcium-stimulated chloride current in smooth muscle cells of the opossum esophagus [48] . Hence it is likely that both NO and Ca 2+ regulate ion channels in an interdependent manner. It is important to state that the overall effect of release of NO into the muscle layers of the small intestine will also be mediated by actions of NO on smooth muscle cells and ICC-DMP.
05). The outward currents induced by SNP were inhibited by IbTX (300 nM) by 76 ± 5% at +20 mV (n = 11) and by 66 ± 7% at +90 mV (n = 4).
Depolarization activates simultaneously IbTX-sensitive and calcium currents in ICC
The voltage-dependent activation of the BK current was similar to that for the BK currents observed in canine proximal colonic ICC [20] . The IbTX-sensitive outward current was insensitive to 4-AP which has been seen in other cells as well [50] . In a previous study, outward current profiles of ICC in the mouse small intestine were compared to those of smooth muscle cells taken from the same culture, although the K channels contributing to the currents were not identified [21] . A marked difference was the voltagedependent inactivation that was prominent in smooth muscle cells but not in ICC. The present study suggests that the large non-inactivating outward currents observed in ICC in that study were BK currents.
The source of calcium for activation of the BK channel can be the intracellular calcium store, which releases calcium continuously in a rhythmic manner [39, 46] . In addition, plasma membrane-associated calcium channels have been reported in ICC of the murine colon and small intestine [16] and human jejunum [27, 34] In many tissues, block of BK channels does not affect the resting membrane potential [6, 35] including the mouse small intestine [23] . However, block of BK channels drives the plateau of the slow waves to more depolarized potentials (see Fig. 3 in [23] ) and markedly increases action potential generation superimposed on the slow waves. It is possible that BK channels are primarily involved in responding to stimuli such as neurotransmitters [40, 41] and noxious stimuli related to inflammation [22, 25] .
The 
